People who suffer from swallowing disorders, commonly referred to as dysphagia, are often 13 restricted to a texture-modified diet. In such a diet, the texture of the fluid is modified mainly 14 by the addition of gum or starch-based thickeners. For optimal modification of the texture, 15 tunable rheological parameters are shear viscosity, yield stress, and elasticity. In this work, 16 the flow properties of commercial thickeners obtained from major commercial suppliers were 17 measured both in shear and extensional flow using a laboratory viscometer and a newly 18 developed tube viscometry technique, termed Pulsed Ultrasound Velocimetry plus Pressure
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• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. • You may not further distribute the material or use it for any profit-making activity or commercial gain • You may freely distribute the URL identifying the publication in the public portal Take down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. 43 Dysphagia, which refers to swallowing disorders in general, has various causes, such as brain 44 damage, post-stroke complications, Parkinson´s disease, and trauma (Clavé et al., 2006) . 45 Approximately 8% of the global population suffers from dysphagia (Steele, 2015) . Dysphagia 46 is a growing concern in the developed world due to the aging population. Currently in Europe, 47 about 17% of the population is ≥65 years of age. This segment of society has increased by 48 28% during the past 10 years, as compared to the remainder of the population, which has 49 increased only 0.8%. It is estimated that in general, 30% of individuals who are ≥65 years of 50 age and 40% of persons who are registered at care facilities suffer from dysphagia (Ekberg et 51 al. (2002) . Thus, there is an urgent need for research into new therapies for swallowing 52 disorders.
Introduction

54
During normal swallowing, rapid transfer of food or drink from the mouth to the stomach 55 takes place without misdirection into the airways (Bülow, 2003) . Dysphagics are challenged 56 by the fast and turbulent flow of liquids through their oropharynx (Cichero, 2013) , and they 57 have been reported to aspirate when the velocity of water in the pharynx increases to 0.5 m/s 58 (Tashiro et al., 2010) . This makes texture modification an important consideration for 59 reducing the fast flow of fluid through the pharynx. A thickened diet is a common food-based 60 strategy to manage dysphagia. The underlying idea is that a viscous food bolus travels with 61 lower velocity, thereby providing more time for the oropharyngeal apparatus to close (Moret-62 Tatay et al., 2015; Steele, 2015; Tashiro et al., 2010) . However, highly viscous liquids 63 require the exertion of more force by the tongue to push the bolus through which may 64 increase the chances of post-swallow residues (Clavé et al., 2006; Steele, 2015) . A recent (>1750 cP). Alternative scales rely on subjective terms, such as nectar-like and pudding-like 86 and are not so popular (Quinchia et al., 2011) . The NDD scale has been criticized for not 87 considering the shear rate-dependence and the extensional properties of the food (Zargaraan et   88 al., 2013), the latter referring to the ability of a material to resist extensional flow. Studies 89 have shown that a food bolus is subject to both shear and extensional flow during swallowing, 90 and also when the bolus is compressed between the tongue and the soft palate (Chen et al., this as cohesiveness of the bolus, and there is some confusion whether the mechanism is fluid 93 elasticity as expressed by the extensional viscosity or if there could also be an effect of the 94 yield stress. A cohesive food fluid has been concluded to resist disintegration during 95 swallowing reflux, thereby reducing the risk of post-swallowing residues (Chen et al., 2011; 96 Ishihara et al., 2011). However, unlike the shear response , the extensional rheology of the 97 food has been largely neglected (Chen, 2009 ). The main reason being the lack of appropriate 98 experimental techniques (Chen, 2009 ). A general challenge in extensional flow is to achieve a 99 steady state (Petrie, 2006) , and the measured extensional viscosity is in reality always 100 transient. (Köpplmayr et al., 2016) .
106
The technique utilizes a flow through a hyperbolic nozzle designed to have constant extension 107 rate. The calculation of the extensional viscosity from the measured force on the nozzle and 108 the given extension rate assumes a Power-law fluid (Debbaut & Crochet, 1988) . The 109 contribution of shear is small for a shear-thinning fluid and is subtracted from the total 110 measured stress (Wikström et al., 1999a) . The HCF method gives the transient extensional 111 viscosity for a given extension rate at fixed Hencky strain. A precise determination of the 112 extensional flow in the hyperbolic nozzle requires comparative simulations, but the simplified 113 determination using the assumption of a Power-law fluid has proven to be good (Nyström et 114 al., 2012) . The method has also recently been validated against other methods for polymer 115 melt samples (Köpplmayr et al., 2016) .
116
The human pharynx has a complex geometry that ranges in shape from tubular to elliptical, The syrup used in the study was Lys Syrup (84% sugar) from Dan Sukker, Malmö, Sweden,
148
the xanthan gum (Grinsted Xanthan CLEAR 80) was supplied by Danisco France SAS (Melle, 149
France), and the poly(acrylamide) (PAA) was supplied by ACROS Organics. 150 151
Sample preparation 152 153
A large volume of the thickener solution (~2 liter) was prepared by mixing the sample with 154 tap water following the manufacturer's guidelines to achieve a honey-like consistency The shear rheology of the samples was measured for shear rates ranging between 1 to 1000s -1 181 to cover the entire shear rate range mentioned in the literature, using an ARES-G2 (TA data and measure the yield stress from the pressure drop and plug radius data as
where R is the radius of the plug, and l is length of the pipe in which the fluid is flowing.
219
Thus, real time estimation of the yield stress can be performed with PUV+PD. The microstructure of a diluted thickener ( commercial thickeners (Fig. 2) . The xanthan gum-based thickeners, Fresubin ( Fig. 2A and D) , 258 Nestlé Clear (Fig. 2B and E) and Nutilis (Fig. 2C and F The results show that the PUV+PD method in a clinically relevant geometry gives the same It should be noted that shear-thinning is less pronounced in PAA-based model fluids. This is 324 because PAA is a highly compact molecule with very strong intramolecular bonding, and the 325 shear flow, which is considered to be a "weak flow", is not sufficient to stretch the polymer.
326
Hence large extensional deformation, as applied in the present study, is needed to study the 327 flow properties of PAA in detail.
Yield stress in shear rheology (Viscometry and PUV+PD) 329
Yield stress for the thickeners and model fluids was considered during measurements since 330 previous publications (Marcotte, 2001; Steele, 2014 ) have proposed yield stress as a 331 contributing factor to bolus cohesiveness and therefore yield stress has to be considered in 332 addition to other parameters to alleviate aspiration. The yield stress values were determined 333 by viscometry and the PUV+PD method and are presented in Table 2 . Figure 4 the tongue and palate is essential for causing the bolus to flow across the oropharynx (Steele, 356 2014). Therefore, the higher the yield stress, the greater the force needed to initiate the flow.
357
This means individuals with weak swallowing reflux may suffer from post-swallow residues 358 in case they swallow food of very high yield stress or they have reduced capacity to generate 359 appropriate tongue pressure as mentioned by the group of Becker (Becker et al., 2015) .
360
However, during oral processing and swallowing, the bolus is never static and therefore the 361 overall stress required exceeds the yield stress at the levels measured by Steele two different methods gives relatively identical values, the PUV-PD method has the advantage of being independent of any possible wall slip, since the yield stress is determined 370 from the radius of the plug not in direct contact with the wall. Moreover PUV-PD mimics the 371 flow geometry of the pharynx.
372
Yield stress is an important characteristic in many food systems such as in ketchup and 373 mayonnaise, (Berta et al., 2016) however the measurement of yield stress is not straight 374 forward. Many difficulties such as wall slippage arise during measurement and a detailed 375 discussion on these difficulties has been discussed elsewhere. (Barnes, 1995; Walls et al., 376 2003). In the current work, bob and cup geometry was used since the results matches better 377 with the ones from PUV-PD method and we believe the PUV-PD method addresses the wall 378 slip condition in a better way. The HCF method was applied to measure the extensional viscosity of the given products. We have previously shown that the extensional viscosity of xanthan gum fluids promotes safe 393 swallowing, which means that extensional viscosity is an important parameter to consider 394 while designing fluid foods for persons with dysphagia (Nyström et al., 2015) . In the labeling 395 information for the thickeners, the precise amount of xanthan gum is not given, although it is 396 reasonable to assume that with a higher level of xanthan gum, greater elasticity is achieved, as 397 previously observed (Choi et al., 2014) . The extension-thinning behavior noticed for the 398 xanthan-based model fluids is consistent with a xanthan gum based commercial fluid. This is 399 likely due to the semi-rigid rod-like conformation of the xanthan gum. The extension-400 thickening behavior of PAA is due to its coiled structure and the polymer uncoils and aligns 401 in the stretching direction (Ferguson et al., 1990) .
403
The fact that xanthan gum solutions both in the commercial thickeners and in water behaves 404 extension-thinning at higher extension rates possibly suggests that they are perceived less designed to mimic commercial thickeners as well as to set the upper limit for maximum 430 elasticity that will be tested in clinical studies in the future. The shear viscosity measured 431 using laboratory viscometry and the newly developed PUV+PD method gave similar results, 432 which means by using the PUV+PD method the flow curve and yield stress can be acquired in 433 less than 1.4 ms which is important for the short time scales involved in human swallowing.
434
Only low yield stresses were detected, considerably lower than expected to occur during 435 swallowing. 
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